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Investigations ON Light and Heat, made and published wholly or in part with 
appropriation from the Rumfobd Fund. 



VI. 



ON CERTAIN REMARKABLE GROUPS IN THE 
LOWER SPECTRUM. 

By Professor S. P. Langley. 
Presented Oct. 7, 1878. 

In first studying the diffraction spectrum for the purpose of learning 
more of the laws governing the selective absorption of the sun's 
radiant energy, both near its surface and in our own atmosphere, I 
was much struck, as others have doubtless been, with the remarkable 
band of lines on the less refrangible side of B. Seen under great 
dispersion, they were quite unlike any thing I had before observed in 
the spectrum, while the best maps, I found, gave no adequate idea 
of their curious structure which possessed to me an unexampled formal 
regularity. After more study of this portion, I commenced critically 
to examine the A group, which is nearly the last extremity of the 
visual spectrum toward the red, and which is so overwhelmed in the 
diffuse light from brighter portions, that few have, I believe, ever 
seen it in any detail. I now found another subject of surprise, in the 
extraordinary resemblance which this group bore to the B group ; 
a resemblance which could not be the result of accident, but which 
has never been, so far as I can learn, publicly noticed, and of which 
no published map, I have seen, gives any idea. 

It is, of course, known to professional students that in this region 
such a structure and general resemblance exist ; but as I believe that, 
without special precautions, its extraordinary completeness cannot be 
made out, it is possible that a very careful drawing, founded wholly 
on micrometric measurement, of what has never been fully delineated 
will present some novelty even to the spectroscopist who may not 
have made this region a special study. To others I may recall — 
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what any one who has only the slightest acquaintance with the 
appearance of the whole visible spectrum must have noticed — the 
entirely casual way in which the lines, all along from red to violet, 
are juxtaposed. There is no more apparent order in their arrange- 
ment than in that of undergrowth in a primitive forest, or of any 
other disposition of natural objects which we assign to chance. But, 
if in walking through such a forest, we came to an open space in 
which the trees were planted two and two, with the most formal regu- 
larity, we should hardly doubt that something else than chance had 
been at work. If we measured the distances and found that these 
pairs had been set out with such precision that our best instruments 
could detect no difference between them ; if we further found that 
the spaces between the pairs were themselves not casual, but ar- 
ranged with exactness in a certain progression, — if we found all 
this, we should certainly, in the use of ordinary language, say that 
here Nature had given place to art. If, further on, we saw a second 
arrangement like the first, which resembled it closer the more we 
examined, we should find our conclusion for design, if possible, 
strengthened. It will be seen, I think, that precisely this abrupt 
transition from confusion to order and symmetry exists in the spec- 
trum, as well as in the singular duplication of the design. What might 
be called the result of intelligence, if observed in another field of 
Nature, we must here call conclusive evidence of the existence of law. 
No accident, but some still hidden law, has regulated, I do not doubt, 
the curious relations now exhibited. Perhaps, with regard to them, 
we may be standing ourselves in the same position as those few did 
who were enabled to contemplate the Fraunhofer lines in the first 
years of their discovery, and recognize that, though we cannot find 
their meaning, it promises to be worth knowing. 

I had at first meant to present to you some attempts of my own 
toward a solution. Afterward, considering how little I knew, it 
seemed to me better to offer nothing in the way of hypothesis now, 
but for the present to limit myself to furnishing facts, necessary in 
the creation of any future theory, in the shape of the results of exact 
measurement. These are given in the accompanying pages, and give 
sufficiently exact data, I hope, for determining the laws of the numeri- 
cal harmonies here so plainly latent. 

The best drawings of the A lines I have seen are those recently 
given by Professor C. Piazzi Smythe, Astronomer Royal for Scot- 
land. They were obtained in June, 1877, at Lisbon, whither Professor 
Smythe made a special voyage to obtain a high sun and clear sky. I 
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reproduce an exact copy of these with those of Kirchoff. It must, 
however, be remembered that Kirchoff 's and Smythe's drawings, made 
with prisms, will present a slightly different collocation from those 
made with a grating. I give also both Kirchoff's and Angstrom's 
drawings of B, that it may be seen how far justice has been done 
heretofore to this interesting region in the best maps. In my own, 
every line is given from repeated micrometric measurement. I have 
only given part of the A group, therefore, which extends much fur- 
ther, but in so faint a light that I have not felt sure of my measures 
beyond A 12 . T^ie relative intensities only are the result of estimate. 
The scale is double Angstrom's. I have made as yet no studies below 
the A group, but have discovered an unnoticed analogous group more 
refrangible than B, which appears in the air-spectrum, and which I 
do not give, as all these studies belong exclusively to the high sun. 
From the successive appearances of these three groups, however, I 
have drawn the inference that the spectrum below A, if ever rendered 
visible, will probably present a strikingly different type from that 
above B. 

As Captain Abney has lately succeeded in photographing as low 
as A or lower, it may be proper for me to observe that the general 
character of the observations here given in detail was, with drawings 
of A and B, briefly presented by me to the notice of the National 
Academy, in Washington, in 1877. I have executed this work with 
apparatus partly due to the Rumford fund, and therefore have delayed 
a full presentation till I could ask to be allowed the honor of sub- 
mitting it to the American Academy. 

I have been assisted in these measurements by Mr. R. F. Hall and 
Mr. F. W. Very. 

The spectroscope with which these observations have been made 
is provided with two telescopes of 1.66 inch aperture and of 20.01 
inches focal length, which are fixed in the walls of the cylindrical 
chamber containing the diffraction grating. The angle between the 
optical axes of the telescopes is fixed here, and it amounts to about 
61° 16'. The grating is fastened to a revolving plate. A filar microm- 
eter is attached to the observing telescope. The diffraction grating 
used is of speculum metal, and is one of the largest made by Mr. 
Rutherfurd, the actual size of the ruled portion being 1.75 inch square, 
containing 17,296 lines to the linear inch. 

The object of these measurements was to obtain the relative dis- 
tances between the lines, rather than their absolute wave-length. The 
distances of the several components from the first line of each group 



OF ARTS AND SCIENCES. 95 

have been measured with the micrometer. Then, the first line of the 
group being assigned the value of zero, and the distance from this 
line to the one numbered 12 being called unity, the relative distances 
of the intermediate lines are expressed in decimal fractions, which 
are multiplied by the difference in wave-length of the limiting lines, 
and the products added to the wave-length of the more refrangible 
one, which is distinguished in each case by a subscript zero attached 
to its cognominal letter. It is evident that for these small angles, 
the largest of which does not exceed 30', the sine differs so inappreci- 
ably from the arc, that the readings of the micrometer may be con- 
verted directly into angular measure. The difference between the 
wave-lengths of the limiting lines of the group has been taken from 
Angstrom's measurements in the case of the large B group. The 
line called A 12 in this paper was not measured by Angstrom. Its 
wave-length has been approximately determined by the following 
method : — 

The centre of the comb being midway between two known lines of 
the spectrum, the difference of micrometer readings for these lines 
was observed. Let the angular distance between them be 2x. Then 
from the general formula nSl = sin i -J- sin r, where S= 681 lines 
to the millimeter, and n is 1, we have — 

1 X 681 X h = — sin i + sin (r — x) ) , 

!X681X^ = -sin4sin( } - + 4} alSOr + 4 - 61 16 ' 

Measures taken without disturbance of the micrometer focus 
gave — 

rev. 

Angstrom (6561.8) G to Angstrom (6716.4) = 14.942 
„ (6716.4) „ „ (6866.8) B = 14.490 

„ (6866.8) B „ „ (6927.8) B 12 = 6.087 

A „ „ A l2 = 7.727 

Substituting these numbers in the appropriate equations, and solving, 
we have — 

O 681 X 0-000 6561.8 = .44686 = — sin i x -f sin (r ± — xj. 
(6716.4) 681 X 0.000 6716.4 = .45739 = — sin i x + sin {r x + x x ). 
i x = 15° 24' 02" r x = 46° 51' 58" 

rev. rev. 

whence 2x x = 51' 57" = 14.942 .% 1. = 3' 28".6. 
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We have again — 

(6716.4) 681 X 0.000 6716.4 = .45739 =: — sin i 2 + sin (r 2 — x 2 ). 
B 681 X 0.000 6866.8 = .46763 = — sin i 2 + sin (r 2 + x 2 ). 
i 2 = 15° 02' 30" r 2 = 46° 13' 27" 

rev. rev. 

whence 2x 2 = 50' 54" = 14.490 .\ 1. = 3' 30".8. 

The mean of these values, 3' 2 9 ".7 is taken as the value of one 
revolution of the micrometer head in arc, at the time the above 

rev. 

measures were made on B l2 and A w and B to B 12 = 6.087 = 21' 16".4, 



rev. 



A to A 12 = 7.727 = 27' 00".4. 

For B , ® 681 X 6866.8 = .46763 = — sin i + sin (r — 10' 38".2) 

„ B w (3) 681 X >L B 12 = = _ sin t + sin (r + 10' 38".2) 

© i + r = 61° 16' i = 14° 47' 38" 

Substituting in @ the values of i and r found by ©, we have 

m.m. 

A B 12 == 0.000 6928.0. The value of the corresponding line in 

m.m. 

Angstrom is 0.000 6927.8. 

The result of this example showing a sufficiently near approach to 
accuracy for our purpose, the same method was used for determining 
the wave-length of A 12 , starting with the known value of A . Measure- 
ments at this part of the spectrum are more difficult than in the 
more brightly illuminated portion. Three attempts, on as many 
different days, gave — 

I A 12 = 0.000 7678.4 
0.000 7677.8 
0.000 7679.4 

The mean of these = 0.000 7678.5 was taken as the value of 
A A 12 . 

The stray light of higher refrangibility and greater illuminating 
power than the red, and which is reflected from the lens, overpowers 
the red to such an extent that some means of removing it is necessary. 
For this purpose, a small direct-vision prism, placed over the slit, 
allowing only the red to pass, seems best ; but red glasses have been 
found to answer nearly as well. 
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The following are the unreduced micrometric measurements of the 
lines in the A group. 

The numbers in each column are the original micrometric readings, 
which were taken consecutively without disturbance of the instrument. 
The different series were taken at various dates. 



Begin- A 
ning of^O 

End A 

of ^-0 

A 

A 12 


5.991 

8.295 

8.750 

9.121 

9.459 

9.880 

10.349 

10.776 

11.284 

11.815 

12.327 

12.913 

13.495 

14.071 

14.604 


6.104 

8352 

8.899 

9.192 

9.595 

9.981 

10.415 

10.827 

11.323 

11.809 

12.341 

12.948 

13.490 

14.090 

14.682 


1.308 

2.843 
3.219 
3.337 
3.608 
3.921 
4.219 
4.537 
4.861 
5.197 
5.522 
5.901 
6.238 
6.700 


1.340 

2.880 
3.214 
3.452 
3.700 
4.012 
4.276 
4.538 
4.848 
5.212 
5.569 
5.930 
6.282 
6.650 


5.822 
5.505 
5.144 
4.739 
4.312 
3.900 
3.425 
2.962 
2.421 
1.894 
1.393 
0.747 
0.180 


1.780 

4.456 

j 4.759 
1 4.900 
j 5.102 
] 5.254 
j 5.431 
1 5.652 
j 5.887 
1 6.090 
j 6.350 
1 6.523 
j 6.798 
] 6.980 
\ 7.307 
\ 7.478 
S 7.787 
\ 7.964 
j 8.327 
] 8.528 
j 8.891 
\ 9.046 
( 9.424 
] 9.587 
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The following are the remainders left after subtracting the microm- 
eter reading of the line called A from the readings of the other lines 
in the A group. 
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Then follow the quotients obtained by dividing each of the numbers 
in the preceding table by the difference between the micrometer 



readings of A Q and A ir 
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The last line gives the values of the members of the A group in 
wave-length. 

The following are micrometric measures of the very close lines 
(17 in number) composing the B band. 

They have been distinguished by small letters of the alphabet 
(a to q). 



B group. 










a 


0.897 


0.876 


0.298 


0.296 


b 


0.923 


0.906 


0.320 


0.319 


c 


0.990 


0.976 


0.365 


0.382 


d 


1.042 


1.019 


0.412 


0.400 


e 


1.082 


1.070 


0.471 


0.465 


/ 


1.171 


1.168 


0.548 


0.560 


9 


1.263 


1.260 


0.669 


0.648 


h 


1.309 


1.303 


0.690 


0.700 


i 


1.399 


1.387 


0.779 


0.780 


J 


1.444 


1.423 


0.834 


0.825 


k 


1.540 


1.518 


0.926 


0.920 


I 


1.628 


1.607 


1.008 


1.000 


m 


1.709 


1.710 


1.115 


1.103 


n 


1.825 


1.826 


1.222 


1.217 





1.923 


1.908 


1.301 


1.306 


P 


2.043 


2.040 


1.425 


1.438 


<1 


2.156 


2.146 


1.543 


1.636 


B x ... 




.... 


1.910 


1.909 


B 12 . . . 




.... 


6.403 


6.385 
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The following are the unreduced measurements of the principal 
lines in the B group: — 



B a 

V 

B* 
B, 

B* 
Bn 
B* 

B» 

Bio 

B n 

B 12 

Sharp line, 
Centre faint pair, 

Delicate pair, \\<J\ 

Faint line, 
Faint line, 
Very faint line, 
Strong line, 
Strong line, 
End of group, 



16.379 

15.131 

14.749 

( 14.559 ) 

\ 14.468 $ 

( 14.243 | 

\ 14.139 f 

( 13.896 ) 

\ 13.818 \ 

{ 13.549 i 

\ 13.454 j 

( 13.162 ) 

\ 13.067 \ 

{ 12.741 [ 

\ 12.652 \ 

{ 12.322 I 

) 12.216 J 

11.849 ) 

11.760 \ 

11.725 ) 

11.404 ) 

11.315 \ 

10.909 I 

10.836 \ 

10.292 

9.890 
9.451 
9.307 
9.253 
9.049 
8.883 
8.735 
8.516 
7.600 
7.141 



3.949 


3.953 


5.198 


5.200 


5.575 


5.554 


5.818 


5.807 


6.134 


6.125 


6.440 


6.444 


6.807 


6.815 


7.187 


1 7.190 


7.595 


7.598 


8.044 


8.038 


8.490 


8.478 


8.961 


8.957 


9.439 


9.440 


10.013 


10.032 



6.537 

8.172 
( 8.367 
} 8.440 
] 8.662 
\ 8.758 
S 8.997 
1 9.100 
j 9.369 
) 9.455 
( 9.746 
\ 9.854 
; 10.164 
' 10.265 
; 10.584 
10.650 

; 11.076 
11.150 

i 11.522 
11.628 

, 12.012 
12.100 
12.624 



6.529 

8.168 

8.340 

8.436 

8.666 

8.764 

8.997 

9.117 

9.350 

9.450 

9.711 

9.820 

10.150 

10.228 

10.559 

10.664 

11.065 
11.140 

11.528 
11.596 
12.010 
12.085 
12.616 



The following are the remainders left after subtracting the microm- 
eter reading of the line called B Q from the readings of the other 
lines in the B band : — 
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Below are the numbers obtained by subtracting the reading of B Q 
from that of the other lines in the B group : — 
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The measured intervals between the components of pairs, treated 
in the same way, become — 
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The first line in the following table gives the value of the compo- 
nents of the B group on the scale JB to B 12 = 1 . The difference of 
wave-length corresponding to this interval is 61 tenth meters, and 
the numbers in the second line are obtained by multiplying those in 
the first by 61. 
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